Abstract-This paper is about the visual requirements for reading with normal vision. It is the first in a series devoted to the psychophysics of reading with normal and low vision. We have measured reading rates for text scanned across the face of a TV monitor while varying parameters that are important in current theories of pattern vision. Our results provide estimates of the stimulus parameters required for optimal reading of scanned text. We have found that maximum reading rates are achieved for characters subtending 0.3. to 1.. Contrast polarity (black-on-white vs white-on-black text) has no effect. Reading rate increases with held size.
Abstract-This paper is about the visual requirements for reading with normal vision. It is the first in a series devoted to the psychophysics of reading with normal and low vision. We have measured reading rates for text scanned across the face of a TV monitor while varying parameters that are important in current theories of pattern vision. Our results provide estimates of the stimulus parameters required for optimal reading of scanned text. We have found that maximum reading rates are achieved for characters subtending 0.3. to 1.. Contrast polarity (black-on-white vs white-on-black text) has no effect. Reading rate increases with held size. but only up to 4 characters, independent of character size. When text is low-pass spatial-frequency filtered. reading rate increases with bandwidth. but only up to two cyclescharacter. independent of character size. When text is matrix sampled, reading rate increases with sample density, but only up to a critical sample density which depends on character size. The critical sample density increases from about 4 x 4 samples/character for 0.1. characters to more than 20 x 20 samples,'character for 24 characters. We suggest that one spatial-frequency channel suffices for reading.
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INTRODUCTION
Common visual tasks such as reading or visual guidance of walking require us to analyze impressive amounts of information at high rates. Yet. we do so effortlessly. How can we study the basic visual processes that underlie the performance of these tasks? A strategy that has been successful in basic studies of vision has been to vary some critical stimulus parameter (such as luminance or contrast) to find a threshold value required for the observer to perform a simple task. The results of such studies have been used to infer properties of the visual mechanisms underlying performance of the task. We have used a similar strategy to study the more complex visual task of reading. For example, we have found that the critical spatial-frequency bandwidth required for reading is about two cycles per character. We take this result to suggest that only one spatial-frequency channel is required for reading. To achieve this purpose, we must first understand how visual factors limit reading performance with normal vision. This is the subject of the present paper. In the accompanying paper (Legge et al.. 1985) , the results of comparable measurements on a group of lowvision observers will be reported. The third paper in this series (Pelli et al., 1985) describes a new reading aid for the partially sighted based on these findings.
We began by developing a suitable psychophysical procedure for measuring reading performance.
In our procedure, observers are required to read aloud individual lines of text that are scanned across the face of a television monitor. The scanning rate is increased until the observer begins to make mistakes. Reading rate, in words per minute, is computed after correction for errors. At some scanning rate, the reading rate is maximal. This maximal reading rate can be measured as a function of any stimulus or observer variable. This procedure has the advantages of allowing for easy experimental control of stimulus parameters and straightforward measurement of reading performance.
Moreover. the reading of scanned text is similar to the way many partially sighted people read when they manually scan text across the screen of a closed-circuit TV magnifier or a high-power optical magnifier. The procedure has
